Monocarboxylic acids enhance the anesthetic action of procaine by decreasing intracellular pH.
Sodium monocarboxylates are known to enhance the anesthetic action of procaine, and also decrease intracellular pH (pHi). We studied the effect of 30 mM Na monocarboxylates (formate, acetate, propionate, butyrate, and salicylate) on the pHi and on the anesthetic action of procaine HCl using giant axons of crayfish (Procambarus clarkii). The pHi was measured using pH sensitive microelectrode method and the anesthetic action was evaluated by the change in the action potential (AP) amplitude. The tested acids except for formate showed apparent decrease in pHi and enhancement of the action of 2 mM procaine. Other organic acids (maleate and benzensulfonate) did not affect pHi and anesthetic action of procaine. In the bicarbonate free solution, pHi increased and the anesthetic action was weakened. The EC25 values (the concentration of procaine which depresses the AP amplitude by 25%) of acetate, propionate, and bicarbonate free solution were coincided with the predicted EC25 values from the simple simulation on intracellular procaine increase according to the pHi change. But the EC25 value of salicylate group was less than half of the predicted. These results suggested that the enhancing action of straight chain monocarboxylic acids is due to pHi decrease, and salicylate has other additional mechanisms.